Many managers have studied the afforestation as a mitigating tool for the problems caused by urbanization, since the specific knowledge of each municipality is fundamental for proper planning in relation to the species used, the number of trees and the location in the municipality. The present research had the objective of evaluating the spatial and biological diversity indexes of the road arborization of the city of Itanhaém -SP. For the accomplishment of the research, a qualitative and quantitative inventory of the arborization was done to obtain the coverage indices and tree density, index of full occupation, current occupation and the deficit of afforestation and the performance index of the species. There is 1 tree for each 100 m² of sidewalk in the municipality, 2.35% of the sidewalks are covered by the crown of the trees and the municipality presents only 21.1% of the ideal afforestation. The municipality had a high diversity index of Shannon H '= 3.45 and Simpson dominance λ = 0.082. The native species with the best performance index was Schinus terebinthifolius. Although there are species diversity in the municipality, the current situation demonstrates the scarcity of trees, indicating the need for intensification in the planting of trees in the road system. Keywords: afforestation planning, urban forest, ecological indexes.
INTRODUCTION
In the midst of the expansion of the urban territory, the vegetation is losing space and being replaced by constructions and elements of urbanization necessary to the routine of the population. This reality can be observed in numerous Brazilian municipalities, among them the municipality of Itanhaém, where this process occurs since 1532 and that, despite having a significant extension of preserved Atlantic Forest, the urban population still exerts great influence under the decrease of vegetated areas.
The loss of vegetation in the daily life of the population has a direct influence on their quality of life, transforming the urban area into an increasingly unhealthy place (MARIA; BIONDI; BOBROWSKI, 2016) .
Thus, it is necessary to use technical measures that allow the public power to manage the urban environment in a sustainable way, among these measures there is the use of urban afforestation as a mitigating tool, due to the innumerable benefits offered by trees.
However, it is common for those responsible for urban forest planning and / or management to not have the necessary information atamarabout the existing patrimony, and the inventory is the most efficient and safe way to obtain this information GONÇALVES, 2007) . In this sense, Pires et al. (2010) state that the knowledge of the characteristics of urban environment is a precondition for the success of the afforestation, being important the knowledge of the species that compose the vegetation inside the city and in the surroundings, allowing the adequate selection of species recommended for the afforestation.
The inclusion of afforestation as part of the urban components requires adequate planning for the particular characteristics of each municipality. Nagenda and Gopal (2010) argue that for a more effective management of street trees, it is essential to have, in addition to the inventory data, spatial distribution data, the species that make up each region of the city and to maintain a regular monitoring. Through spatial indices it is possible to indicate, for example, if the municipality is very or not very wooded (index of trees per kilometer of sidewalks), how many trees per 100 m² of sidewalk (tree density index), what percentage (index of tree cover) and also to define which species are more adapted (index of performance of the species) and how many trees are still necessary for the municipality to present full afforestation (index of full occupation) of the area of sidewalk shaded by the projection of canopies. However, diversity indexes can be used to analyze natural or altered ecosystems, with the intention of finding patterns that offer reliable estimates of biological diversity (MORENO, 2001) .
In this way, the present study had the objective of evaluating the spatial and biological diversity indexes of the street arborization of the city of Itanhaém, São Paulo, Brazil.
MATERIAL AND METHODS
The present study was developed in the municipality of Itanhaém, located on the south coast of the State of São Paulo (Figure 1) , with zero mark under the coordinates 24º11 "1 'South and 46º47" 22' West. The municipality has a territorial extension of 601.67 km² with an urbanized area of 421.56km of urbanized roads. The predominant climate in the municipality is Af, according to the Köppen classification, characterized as a tropical climate without a dry season, with a monthly average rainfall of over 60 mm and the average temperature of the coldest month of 18ºC (ALVAREZ, 2014) .
The municipality has 97,000 inhabitants, with concentration of 99% of the population in the urbanized area, divided into 15 regional. However, for the evaluation of the afforestation, 13 regionals were considered, due to the lack of trees on sidewalks in the Guapura and Oasis regions.
For the knowledge and quantification of urbanized roads, the entire municipality was car-driven, identifying the urbanized roads for allocation in the Google Earth® software and subsequent determination of the kilometrage of urbanized roads of each region. All individuals of tree size (greater than 1.5 m) were counted in the urbanized roads in order to characterize the spatialization of the trees.
For a qualitative knowledge of the afforestation and the physical space, an inventory was carried out by stratified sampling, having the administrative division of the municipality into 15 regional ones for the definition of strata. The shape of the sampling unit was linear, with a length of 100 meters.
The variables to be analyzed in the qualitative inventory were adapted from the methodology proposed by Milano (1984) , where the parameters were evaluated: tree species and location, pavement tree position, pavement width, tree height, crown rays and physical and phytosanitary condition of trees, and served as a basis for calculating spatial indices.
For the location of the tree was evaluated the street, the neighborhood and the side (odd or even) where it is located, as well as the position of the tree on the sidewalk, through the distance of the curb, the construction and the next tree .
The height of the tree was measured using the hypsometer, as well as the height of the first bifurcation. The variables of circumference at chest height, crown rays and free area of the seedbed were measured using metric tape.
The physical conditions of the trees of the root system were evaluated on a qualitative scale, ranging from deep (1) to slightly superficial (2), and superficial (3). As for the structural and phytosanitary condition of the trees, the quantitative scale ranged from good (1), satisfactory (2), bad (3) and dead (4).
In order to determine the spatial indices of the Itanhaém-SP road, it was used the tree cover index (TCI) and tree density index (TDI) based on Lima Neto and Souza (2009) ; and the index of trees per kilometer of pavements (TIKP), full occupancy index (FOI), current occupancy rate (COR) and afforestation deficit, based on Silva, Paiva and Gonçalves (2007) . In addition, some indices were adjusted, such as: adjusted full occupancy index (IFOIa), adjusted current occupancy rate (CORa), and adjusted afforestation deficit, with the respective equations set out in Table 1 . The index of full occupation (FOI) indicates the ideal number of individuals to be found, considering the full afforestation of the sidewalks (SILVA; PAIVA; GONÇALVES, 2007). However, the FOI does not take into account the conflicts of the afforestation with the urban furniture, ignoring the recommended minimum distances between the tree and the furniture.
Thus, in order to adjust the calculation methodology of the FOI, in order to consider the minimum distances between planting of trees and urban furniture, the adjusted FOI (FOIa) Medium Carriage 5,00 3,00 1,00 8,00
Large Carriage 5,00 3,00 2,00 12,00
Source: SVMASP (2015) The coefficient of adjustment (τ) was calculated according to the urban characteristics of each region, presenting a value related to the space occupied by urban furniture every 100m of sidewalk, with an estimated 10% overlap of urban furniture removal measures (Figure 2) . The urban elements commonly found in the municipality: recessed guides, corners and poles, were considered for the calculation of the adjustment coefficient (τ) set forth in Table 3 . Table 3 . Parameters used to determine the calculation of the coefficient of adjustment (τ). Tabela 3. Parâmetros utilizados para determinação do cálculo do coeficiente de ajuste (τ). Thus, the adjustment coefficient (τ)), was obtained by the folowwing equation:
Small
in which τ = adjustment coefficient and Td = total distance It was considered, in order to quantify the number of posts, the population class, in which the number of poles was calculated by the poles allocation rules described in ND10 (ELEKTRO, 2017), which determines that the maximum distance of 30m between poles and the policy of 2 houses per posts must be respected.
For the quantification of the number of recessed guides, approximately one recessed guide was considered for each three inhabitants, where it was considered the width of 2.0m of span for each recessed guide, and twice the distancing of the furniture described by SVMASP (2015):
= [2 + (2 * )] * qt where: tdRG = total distance of the recessed Guide, udRG = unitary repulsion distance of the retracted guide (sorted by size); qt = total quantity of lowered guides.
Regardless of the size of the afforestation and the population class (PC), two corners were considered at each 100.0 m of sidewalk.
The ecological indexes were used to determine the biological diversity of the trees, the richness, the equity, the dominance and the performance index of the species.
The diversity of species among the regional ones was determined by the Shannon index (H'), the dominance by the Simpson index ( ), the wealth by the Margalef index (Dmg) and the equity measured by Pielou (J'). According to Moreno (2001) and Magurran (2011), such indices are described by the equations shown in Table 4 . Stranghetti and Silva (2010) state that the knowledge of the vegetation diversity is of paramount importance for the maintenance, fixation and extension of the ecological balance of afforestation in the urban environment.
To evaluate the development of the species, the performance index of the species was calculated based on the adaptation of Bobrowski, Ferreira and Biondi (2016) , to indicate which species are best adapted to the environment in which they are inserted, considering species well adapted, those with IPE greater than one where: = + ( + ) * 100 SPI = Species Performance Index, ntB = Number of trees of species "e" that are in condition class "Good", ntS = Number of trees of species "e" in condition class "Satisfactory", NaB = Total number of trees sampled in Good condition, NaS = Total number of trees sampled in Satisfactory condition, N = Total number of trees sampled at work.
The IPE was calculated only for the species that presented representation of at least 10 adult individuals (with a height superior to 1,5 meters) in the arborization of the municipality.
RESULTS

Spatial indexes
The results showed a large variance of the arborization between regional ones, where the index of trees per kilometer of pavements (TIKP) ranged from 7 to 45 tree/km of sidewalk, averaging for the municipality 21 tree/ km of sidewalk (Table 3) . 
Performance Index of the species
The performance index was calculated for 19 species, between exotic and native. The species that presented the highest Performance Index (Table 4) should be considered in the new plantations (except exotic and invasive species). 
DISCUSSION
Spatial indices
The variation of 7 to 45 arv / km between the regional ones is likely to be associated with the different urbanization characteristics of the neighborhoods, such as the average width of the sidewalk and the proximity of forest remnants in the urban area and the age of allotments. Paiva et al. (2010) considers ideal when the index is 100 trees per kilometer, considering the occurrence of at least one tree in front of each residence, estimating a tested urban average of 10.0 m. When considering the affirmative of Paiva et al. (2010) , it can be seen that in the region "Guapiranga e Sabaúna", in every 100 houses, 7 of them have trees on their sidewalks, while for the regional "Loty", 45 houses present at least one tree in front of their residence, which shows the enormous deficit of afforestation in all municipality.
The Arborea Coverage Index of the sidewalks (TCI) showed that the regional "Praia dos Sonhos" was the one that obtained greater tree cover with 7.67% of its sidewalks shaded by the area of canopy of the trees, whereas the regional "Savoy e Nova Itanhaém" presented the lowest ICA with 1.03% of sidewalks with tree cover.
Concerning the index of full occupation (FOI), it was possible to observe the need to plant 147,623 trees in the urban area, disregarding the urban interferences. However, FOIa, which considers street furniture, demonstrated the need to install 85,865 trees, indicating a reduction of about 58% between the pure index and the adjusted index.
The largest difference between the FOI and FOIa was for regional "Umuarama", which considered the need to deploy 1,620 trees for the pure index and 454 trees for the adjusted index. This reduction of 72% in the number of trees to be implanted occurred, since this is the regional with the greatest number of inhabitants for each 100 m, demonstrating a greater need of urban infrastructure, reducing the spaces available for afforestation.
In both FOI and DEF, as in FOIa and DEFa, the regional "Savoy e Nova Itanhaém" presented the highest values, with FOI of 32,684 trees and FOIa of 21,506 trees, and DEF of 30,907 trees and DEFa of 19,729 trees. The values were higher in this region, since it is the one that presented the highest linear kilometrage of sidewalks and is in the lowest class of inhabitants per 100 m, demonstrating a greater spacing between urban furniture and greater availability of space for the implantation of afforestation.
